Two experiments were conducted to determine effects of feeding corncobs of various mean particle size (MPS) on ruminal, digestive and metabolic characteristics of early-weaned lambs fed pelleted 74.9% concentrate:25.1% corncob diets. The NIPS of corncobs in diets was 6.5, 5.4, 1.4 and .8 mm, respectively. As particle size decreased, percentage starch decreased and percentage neutral detergent fiber (NDF), acid detergent fiber (ADF) and ceUulose increased. In Exp. 1, 28 crossbred rams (seven/treatment, avg initial wt, 15.3 kg) were used in a randomized completeblock design. In Exp. 2, lambs from Exp. 1 were re-weighed (avg initial wt, 16.8 kg) and fed the same diets as in Exp. 1. In Exp. I and 2, lambs ingested dry matter (DM) equal to 2.68 and 3.74% of body weight, respectively. In Exp. 1, apparent DM digestibility was unaffected by corncob MPS ; however, in Exp. 2, DM digestibility was highest (68.8%) for lambs fed the 6.5-ram diet and lowest (63.8%) for those fed the .8-mm diet. Apparent starch digestibility was high (>98.8%) in both experiments. Neutral detergent fiber and ADF digestibilities were highest for Iambs fed the 1.4-mm diet (50.5 and 43.6%, Exp. 1; 39.6 and 28.9%, Exp. 2). A dramatic increase (6.8 to 39.1%) in acid detergent lignin (ADL) digestibility was observed in Exp. I as corncob MPS decreased. In Exp. 2, ADL digestibilities were similar for lambs fed the 6.5-, 5.4-or 1.4-mm diets (avg value, 5.9%) and highest for those fed the .8-mm diet (29.7%). Nitrogen metabolism was unaffected by corncob MPS. In Exp. 1, digestible energy intake, corrected for urinary losses, did not differ among treatments but in Exp. 2, lambs consuming the 6.5-ram diet had higher corrected digestibility energy intakes (1,926.6 kcal/d) than did those fed other diets (avg, 1,832.4 kcal/d). Ruminal pH sampled 4 h post-feeding was highest for lambs consuming the 6.5-mm diet (6.25) in Exp. 1 and the 1.4-mm diet (5.89) in Exp. 2. Lowest ruminal pH (5.30 and 5.36, respectively) was for lambs consuming the .8-ram diet in Exp. i and the 5.4-mm diet in Exp. 2. Ruminal lactate concentrations were variable within and among treatments. Total ruminal volatile fatty acid (VFA) concentrations were similar across treatments but in Exp. 2, there was a shift in molar proportions from acetate to propionate as corncob MPS decreased. Early-weaned lambs fed 74.9% concentrate:25.1% corncob pelleted diets performed well and digested and metabolized nutrients efficiently in spite of low ruminal pH values and relatively high ruminal lactate concentrations in certain lambs across diets in both experiments.
I ntroduction
Early weaning of iambs has become an accepted management practice by the American sheep industry (Hinds, 1972) . Lambs have been weaned as early as 5 to 10 d of age (~Jrskov et al., 1969) , but few researchers have reported weaning lambs to dry diets or pasture earlier than 8 wk of age without a significant reduction in lamb performance (Glimp, 1968) .
A number of variables regarding optimal diet 1 Dept. of Anim. Sci. Received November 2, 1984 . Accepted April 16, 1985 composition for early-weaned lambs remain to be explored. One of these variables of concern is particle size. Changing size of particles consumed or altering rate and extent of breakdown of feed particles in the rumen may influence ruminant animal production by altering rate of passage of solids from the rumen, as well as dry matter intake (Ehle et al., 1982) . Reid et al. (1977) reported that particles greater than 1 mm in size rarely escaped from the reticulorumen of sheep, while Smith et al. (1967) found that particles leaving the rumen all passed through a .84-mm screen. ruminants. Chemical degradation of feedstuffs results in dissolution of large molecules to monomeric units. Physical degradation of feedstuffs results in a decrease in the size of the feed particle via physical means, such as rumination. The smaller particles resulting from physical degradation in the tract have an increased surface area available for microbial attack (Balch, 1950; Baumgardt, 1969) .
Very little information has been published relating particle size of the roughage portion of a concentrate-roughage diet to metabolism of the complete diet by the young lamb. The present study was conducted to measure effects of feeding corncobs of various mean particle size on ruminal, digestive and metabolic characteristics of early-weaned lambs fed pelleted concentrate-corncob diets.
Materials and Methods
Diets. Ingredient composition of diets is presented in table 1. Diets were balanced to meet National Research Council (NRC, 1975) recommendations for nutrient requirements of growing lambs (10 to 30 kg). Diets were homogeneous in their ingredient composition, with the only variable being the particle size of the corncobs used in each diet (6.5, 5.4, 1.4 or .8 mm) . Details regarding the nature of the diets are outlined by Kerley et al. (1985) .
Animals and Feeding Regimen. Twentyeight crossbred (1/2 Dorset, 1/4 Suffolk and 1/4 Rambouillet) ram lambs (avg initial wt, 10.10 Ground corncobs 25.10 Cornstarch 10.00 Dehylled soybean meal 9.70 Calcium carbonate .20 Dicalcium phosphate .55 Sodium chloride .50 Urea .55 Molasses 5. For several weeks before being placed in crates, lambs had free access to grass hay and a pelleted, high-concentrate creep feed. Lambs in crates were housed in a temperature (23 C)-controlled room with constant fluorescent lighting and allowed ad libitum access to water. Seven lambs were assigned by weight to each of the four diets such that mean treatment weights were similar. Lambs were fed once daily at 0700 h. In each experiment (while lambs were in crates), a preliminary feeding phase of 14 d was followed by a 7-d total collection of urine and feces. During the preliminary feeding phase and after voluntary intake had been established, lambs were gradually adpated to the ad libitum feed intake of the lowest-consuming animal. Therefore, all lambs were fed the same amount of feed on an as-fed basis. Any differences in intake were due to different dry matter (DM) content of feeds. On d 1 through 7 of the collection period, lambs were fed 90% of the ad libitum feed intake of the lowest-consuming animal. During the collection period, a 20% aliquot of feces, a 10% aliquot of urine and feed samples were saved. Feed samples were pooled by diet and feces and urine samples were pooled by animal for subsequent analyses. Samples were stored at 4 C. Urine pH was kept acidic by the daily addition of 30 ml 50% He1 to each urine collection bucket to avoid N loss through ammonia volatilization and to avoid bacterial growth in the urine. After completion of Exp. 1, lambs remained on the same treatment for Exp. 2. At the end of each experiment, ruminal samples were collected via stomach tube 4 h post-feeding for determination of ruminal pH, lactate concentrations and volatile fatty acid (VFA) concentrations.
Chemical Analyses. Feeds and feces were oven-dried at 55 C for several days and ground through a Wiley mill (2-mm screen). Samples were then analyzed for 105 C DM (AOAC, 1975) . Nitrogen content of feeds, feces and urine was measured using the Kjeldahl method (AOAC, 1975) . Starch was measured according to the combined methods of Shetty et al. (1974) and Fleming and Reichert (1980) . Gross energy content of dried feeds and feces and freeze-dried urine was measured with a 1241 Parr adiabatic bomb calorimeter. Neutral detergent fiber (NDF) content of feeds and feces was measured using the s-amylase procedure of Robertson and Van Soest (1977) . Acid detergent fiber (ADF) and 72% sulfuric acid detergent lignin (ADL) were measured according to Goering and Van Soest (1970) . Cellulose and hemicellulose concentrations were determined by subtraction of ADL from ADF and ADF from NDF, res.pectively. Apparent digestion coefficients were calculated from quantitative feed and fecal data collected during the experiments. Ruminal pH was measured using a Beckman Zeromatic IV pH meter immediately after collection of ruminal fluid. Ruminal lactate concentrations were measured according to Barker and Summerson (1941) and VFA concentrations according to Erwin et al. (1961) . Corncob mean particle size (MPS) was determined as described by Kerley et al. (1985) . Particle size of diets was determined in duplicate on samples containing approximately 15 g of DM using a wet-sieving technique (Bourget and Kemp, 1957) . Six sieves were used with mesh sizes of 150, 300, 425, 600, 1,180 and 2,360 /am. Feed samples were soaked in water for 24 h before sieving to prevent flotation and ensure dispersion. Material was washed for 2 to 3 min with water from a large spray nozzle. Particles passing through the smallest sieve were recovered in a pan such that percentage of particles over a given size could be calculated on a DM basis. Particles retained on each sieve were transferred to a tared plastic weigh-boat, dried at 55 C and weighed. Particle size results were expressed as a cumulative DM percentage, which was calculated for each sieve as the proportion of the total DM that would be retained on that sieve and ones with larger pore sizes. Modulus of uniformity and modulus of fineness (ASAE, 1970) were also determined on corncobs used in experimental diets (Kerley et al., 1985) .
Statistical Analysis. Statistical analyses were performed using the General Linear Models procedure of the Statistical Analysis System (Fruend and Littell, 1981) . A randomized complete block-design was used for analysis of data in the individual experiments, with animals being blocked by weight. A split-plot design was used to analyze the two experiments together. Statistical analysis of data was by analysis of variance (Snedecor and Cochran, 1980) . Treatment means within experiments were compared by the method of least significant difference protected by a significant F-value (Carmer and Swanson, 1973) , Means between experiments were compared using the t-test (Steel and Torrie, 1960) .
Results and Discussion
Chemical composition of diets fed to lambs is presented in table 2. Percentage crude protein (CP) ranged from 14.4 (.8-mm diet)to 15.6% (6.5-mm diet). Although a 1.2% difference in CP content of diets existed, all should supply adequate amounts of CP for lambs of this age and at this physiological state (NRC, 1975) . Percentage starch was similar between the 6.5-and 5.4-mm diets (52.3 and 52.0%, respectively) and between the 1.4-and .8-mm diets (47.1 and 49.1%, respectively). Percentage NDF and ADF were lower in the 6.5-and 5.4-mm diets than in the 1.4-and .8-mm diets. Cellulose concentration was lower for the 6.5-and 5.4-mm diets than for the 1.4-and .8-mm diets, while hemicellulose concentration of the 5.4-and 1.4-mm diets was higher than for the other diets. Acid detergent lignin concentration was slightly higher in the .8-mm diet than in diets of larger particle size. Gross energy values (kcal/g) were similar among diets. Implications of compositional data are discussed by Kerley et al. (1985) .
Feed intake and digestibility data for lambs in Exp. 1 and 2 are presented in table 3. In Exp. 1, lambs ingested DM equal to 2.68% of body weight while in Exp. 2, lambs ingested, on average, DM equal to 3.74% of body weight. This increase (P<.05) in feed intake was probably due to rapid growth of the lambs and to their greater physiological maturity at initiation and throughout Exp. 2. No problems were encountered in adjusting animals to diets, and all lambs finished both experiments. In Exp. 1, lambs consumed similar amounts of DM daily. Dry matter, starch and NDF digestibilities were similar among diets, corroborating the research of Kerley et al. (1985) . Acid detergent fiber digestibility was highest when lambs were fed the 1.4-ram diet. Lower (40.7 and 29.4%) digestibilities of ADF were noted for lambs fed the .8-and 6.5-mm diets, whereas those fed the 5.4-ram diet had the lowest (25.3%) ADF digestibility. An increase (P<.05) in ADL digestion was noted as corncob particle size decreased. Cellulose digestion was highest for lambs fed aDry matter basis. bDiet with the indicated corncob particle size. CDiets were subsampled daily during the collection phase of each experimental period and analyzed for each item listed here. the 1.4-and .8-mm diets (47.2 and 41.1%, respectively), followed by those fed the 6.5-mm diet (34.2%), with those fed the 5.4-mm diet having the lowest cellulose digestibility (27.0%). Lambs fed the .8 mm-diet digested the least hemicellulose (39.3%) and those fed the 1.4-mm diet had the highest hemicellulose digestion coefficient (56.6%).
In Exp. 2, dry matter intakes varied by only 14 g/d and were similar among diets, indicating the rather homogeneous nature of the feeding pattern of lambs fed the diets used in these experiments. Lambs fed the .8-mm diet digested the least DM (63.8%) but values were similar to those for lambs fed the 5.4-ram diet (65.5%). Dry matter of the 6.5-and 1.4-mm diets was also similarly digested (68.8 and 67.0%, respectively). Neutral detergent fiber digestibility was higher (P<.05) for lambs fed the 1.4-mm diet (39.6%) than for those fed the 6.5-, 5.4-or .8-mm diets. Acid detergent fiber digestibility followed a similar pattern, except that lambs fed the .8-mm diet digested more (although not significantly more) ADF (24.7%) than did those fed the 6.5-mm diet (17.1%). Feeding the 5.4-mm diet resulted in a very low ADF digestibility. Both cellulose and hemicellulose digestibilities were highest for lambs fed the 1.4-mm diet. Lambs fed the 6.5-and .8-mm diets digested similar amounts of cellulose, while those fed the 5.4-mm diet digested essentially no cellulose.
Acid detergent lignin digestibility was significantly higher for Iambs fed the .8-mm diet than for those fed the 6.5-, 5.4-or 1.4-mm diets, indicating the inability of corncob lignin to be substantially degraded when feed intakes are high and fiber particle size is greater than 1 mm.
Although fiber digestion coefficients were lower in Exp. 2 than in Exp. 1, the general pattern among treatments was similar. Dry matter digestibility was lower (P<.05) in Exp. 2 as compared with Exp. 1, ostensibly due to increased feed intake. Fiber digestion was considerably lower for Iambs in Exp. 2 as compared with those in Exp. 1, ostensibly due to 1) the faster rate of digesta passage as a result of the increased level of feed intake (Staples et al., 1984) and 2) lower ruminal pH (table 6) , resulting in decreased activity of fiber digesting enzymes. Although results were not significantly different in every case, in both Exp. 1 and 2, lambs fed the 1.4-ram diet digested the greatest amount of NDF, ADF, cellulose and hemicellulose, implying that not only does Energy data are presented in table 5. In Exp. 1, energy intake, fecal energy excretion, urinary energy excretion and digestible energy corrected for urinary losses (expressed in kcal/d and as a percentage of energy intake) were similar among treatments, indicating that corncob particle size had no significant effect on this measurement for lambs of this age and at this level of feed intake. In Exp. 2, lambs fed the .8-mm diet ingested more gross energy than did those fed the other diets. Lambs fed the .8-mm diet also excreted more energy in feces than did lambs fed the other diets. No differences (P>.05) were noted among treatments in urinary energy. Digestible energy intake corrected for urinary losses, expressed in kcal/d, was higher for lambs fed the 6.5-mm diet than for those fed other diets. When expressed as a percentage of energy intake, lambs fed the 6.5-or 1.4-ram diets had higher corrected digestible energy values, while lambs fed the 5.4-, 1.4-or .8-mm diets had similar corrected digestible energy values.
As expected, energy intake and excretion, both urinary (for the 1.4-mm diet) and fecal, and digestible energy corrected for urinary losses, expressed in kcal/d or as a percentage of intake (except for the 6.5-mm diet), were higher in Exp. 2 than in Exp. 1 due to the increased feed intake. In Exp. 1, energy metabolism appeared to be generally unaffected by particle size of the roughage component of pelleted concentrate:corncob diets; however, in Exp. 2, a higher digestible energy value corrected for urinary losses occurred when lambs were fed the 6.5-mm diet than when fed diets containing corncobs of lesser mean particle size.
Ruminal characteristics of lambs are described in table 6. In Exp. 1, ruminal pH was similar for lambs fed the 6.5-, 5.4-and 1.4-mm diets but lower (P<.05) for those fed the .8-mm diet. Due to individual animal variation, no differences among treatments were noted in ruminal lactate concentration. An extremely wide array of concentrations for individual lambs was noted with values ranging from 13.2 to 3,761.0 /sg/ml. Fulton et al. (1979) fed steers a 35% roughage diet and measured ruminal lactate concentrations at 2, 4, 8 and 24 h post-feeding. Data indicated that large differences occurred in ruminal lactate concentrations among animals and across times. Volatile fatty acid concentration and molar proportions of acetate, propionate and butyrate did not differ among treatments.
In Exp. 2, ruminal pH values were generally lower than those for Exp. 1, probably because of increased feed intake by lambs in this experiment. A high ruminal pH value of 5.89 was noted for lambs fed the 1.4-mm diet, while a low value of 5.36 was noted for lambs fed the 5.4-mm diet. All values were much below optimal pH (6.9 to 7.1) for maximal fiber digestion (Stewart, 1977) . Lactate concentrations were again quite variable, with certain lambs in each treatment having relatively high concentrations of this metabolite. No particular pattern was noted, however, due to individual animal variation. Volatile fatty acid concentrations ranged from 58.3 (6.5-mm diet) to 69.8 mM (.8-mm diet), although no differences (P>.05) among treatments were noted. Molar proportion acetate was highest for lambs fed the 6.5-or 5.4-mm diets and lowest for those fed the 1.4 or .8-mm diets. The opposite effect was noted for molar proportion propionate. No differences in molar proportion butyrate occurred among treatments. A shift towards increased propionate production results from a decrease in methanogenic bacteria, and has important effects on animal metabolism (Van Soest, 1982) . It has been postulated that there is an increase in" energy efficiency when the proportion of (~rskov, 1978) . Part of this effect may be due to the fact that most diets producing this shift tend to be consumed at higher intakes and have a greater proportion of absorbed nutrients available for productive functions. Depression in ruminal pH is one factor influencing methane bacteria (Demeyer and Van Nevel, 1975 ) and, because diet particle size affects ruminal pH (Cheng and Kironaha, 1973) , this physical attribute of the feed may indirectly modify the ruminal microbial population. In general, animal response to methanogenic inhibition depends on the channeling of carbon and hydrogen, which oridinarily appear as methane, into propionate, thereby increasing the metabolizable energy available to the host (Van Soest, 1982 ). This premise is not supported, however, by measuring only fecal and urinary energy excretion (table 5) with subsequent calculation of corrected digestible energy values.
In both experiments, ruminal pH tended to decrease as corncob particle size decreased. Ingestion of feeds of smaller particle size is often f'g'hMeans in the same row, and within the same experiment, that do not have a common superscript differ (P<.05). associated with lower ruminal pH due possibly to 1) less rumination and less salivary buffer secretion, 2) increased feed intake, which supplies more substrate for acid production, 3) a change in ruminal solid and liquid turnover relationships, which could alter ruminal metabolism, or 4) a change in the ruminal microbial population to one that may ferment mostly soluble feed components (Mertens, 1979) . Whether cellulolytic microorganisms are low in number on a high concentrate diet will depend, in part, on fiber particle size and passage rate (Van Soest, 1982) . With a smalkamount of coarse forage, passage of fiber may be slow and cellulolytic numbers may be relatively high through cumulative retention of substrate (Bryant and Burkey, 1953) . While diet composition is important in regulation of ruminal pH, high levels of feed intake can also result in lower ruminal pH. Rumsey et al. (1970) observed that both concentrate and roughage diets resulted in lower ruminal pH when fed at 2% of body weight daily compared with feeding at 1% of body'weight. This effect is probably due to increased production of VFA in the rumen from the increased amount of substrate available for fermentation and to less salivary buffering capacity per unit of dry matter.
Due to variation in our lactate data, no definitive conclusions can be drawn to relate ruminal lactate concentrations to corncob particle size, KoerS et al. (1976) reported a peak lactate concentration of 5,9 mg/ml in induced acidotic lambs. Therefore, it is obvious that certain lambs in each treatment had relatively high levels of ruminal lactate. No pattern was noted between lactate concentration and ruminal pH.
In conclusion, early-weaned lambs fed 74.9% concentrate:25.1% corncob pelleted diets performed well and digested and metabolized nutrients efficiently in spite of low ruminal pH and precariously high ruminal lactate concentrations in certain lambs across diets in both experiments. Particle size of the corncob fraction of the diet exerted some effect on nutrient digestion and metabolism. Lambs fed the 6.5-and 5.4-ram diets in Exp. 2 had the highest m01ar proportion acetate and lowest molar proportion propionate in the rumen. This correlates well with data of Kerley et al. (1985) , where similar diets were fed to adult sheep. In our experiments, lambs fed diets containing 1.4-ram Corncobs digested the greatest amount of fiber, whereas Kerley et al. (1985) found that adult sheep fed the same diet had the lowest (although not significantly so) NDF digestibility, indicating a possible interaction between animal size and fiber digestibility. Recognition of the opposing effects of rate of passage vs particle surface area and, thus, susceptibility to microbial attack, is also important in the interpretation of these experimental results.
